Unicameral bone cysts (UBC) are benign bone tumor-like lesions. Mostly they are located in the metaphyseal-diaphyseal region of long bones in children and adolescents. The etiology of UBC is still unclear. There is no consensus about the protocol of UBC treatment. The aim of this study was to evaluate the effectiveness of three different techniques for the treatment of UBC. This study included 129 pediatric patients with UBC treated at University Children's Hospital in Belgrade during the 8-year period. The mean follow up was 7.14 years. The following parameters were observed: gender, age, site, length of cyst, cyst index, cortical thickness, presentation of pathologic fracture, healing of cyst, treatment complications and length of hospitalization. These parameters were correlated to three treatment modalities, i.e. intracystic methylprednisolone acetate injection (group 1), curettage with bone grafting (group 2) and osteoinductive procedure using demineralized bone matrix (group 3). We found statistically significant differences in healing of the cysts and length of hospital treatment between groups 1 and 2, and between groups 2 and 3. In conclusion, complete healing of UBC can be achieved only using open surgery procedure. Intracystic methylprednisolone acetate instillation can be considered a good option for initial treatment of UBC.
Introduction
Various diseases can cause local bone defects in pediatric population. Despite the heterogeneous mechanism of occurrence, bone cysts present a poorly biomechanical locus and it can lead to pathologic fracture 1 .
Unicameral bone cysts (UBC) are benign bone tumors in children. They are located in the metaphysisdiaphysis zone of long bones. The UBC are mostly asymptomatic and diagnosed incidentally. The etiology of UBC is still unclear; trauma, inflammation and venous obstruction of bones have been proposed 2, 3 .
The aim of this study was to compare three different methods of treatment of UBC, i.e. intracystic injection of methylprednisolone acetate (MPA) (Scaglietti procedure), curettage with bone grafting (autoosteoplastic procedure) and osteoinductive procedure using demineralized bone matrix (DBM).
Patients and Methods
This retrospective study included 129 pediatric patients aged 8-17 and treated at University Children's Hospital in Belgrade, Serbia, during 8-year period (from January 2007 to January 2014). Patients were divided into three groups according to the method of treatment, as follows: group 1 treated with intracystic MPA injection (according to Scaglietti procedure); group 2 treated with curettage and bone grafting; and group 3 treated with osteoinductive procedure using DBM.
The inclusion criterion for participation in the study was pediatric patient below age 18 diagnosed with UBC. The study included all patients with or without a history of previous treatment or previous fracture. The exclusion criteria were malignant tumor presentation, bone marrow disease, chronic autoimmune disease with steroid use, and patients on chemotherapy or radiotherapy.
The following parameters were observed: gender (male/female), age (≤8 years and >8 years), site (long or short bone), cyst diameter (≤5 cm or >5 cm), cyst index (area of the cyst/diaphysis diameter), cortical thickness (≤2 mm and >2 mm), presentation of pathologic fracture (yes or no), healing of the cyst (months), complications (yes or no), and length of hospital stay (days). All parameters were evaluated according to radiological findings in anteroposterior and lateral views.
Patients treated with curettage and bone grafting and patients treated by osteoinductive procedure (groups 2 and 3) had histopathologic verification of UBC but those treated by steroid injection did not.
Clinical data were collected from patient clinical records, for which the respective informed consent was obtained. The χ 2 -test, Fisher exact test and regression analysis were used to test the correlation between those three groups of patients. The level of statistical significance was set at p<0.05.
Surgical techniques

Group 1: Steroid injection-Scaglietti method 4
We used two 11-gauge aspiration needles to aspirate and wash the cyst under x-ray control. After washing the cyst, we inserted 80-180 mg of MPA into the cyst (3 mg per cm 3 of cyst). The procedure was performed three times at three-month interval between the procedures.
Group 2: Curettage and bone grafting
We used standard approach according to the cyst location. The cortex above the cyst was opened with four to eight drill holes. Using a chisel, we connected the holes and removed bone cortex. After removing fluid from the cyst, the membrane of the cyst was curetted using various curettes (straight and curved). After curettage, we used autologous bone graft taken from the iliac crest to fill the cyst and improve healing. The specimen obtained from the cyst was sent for histopathologic analysis.
Group 3: Osteoinductive procedure using demineralized bone matrix
The standard approach to the cyst was used including opening the bone cortex, evacuation of the fluid and curettage of the cyst. The specimen obtained from the cyst was sent for histopathologic analysis. DBM pellets were used to induce healing of the cyst. We used cortical sterile allograft tissue, cortical dust of 250-420 mic (Implant Services, Cortically Sterile Allograft Tissue, Osteotech Inc., New Jersey, USA).
Postoperative treatment and radiological follow up
Postoperative management varied according to the location and volume of the cyst, presence of fracture and method of treatment, ranging from simple dressing, cast immobilization, non-weight bearing and activity restriction.
Radiographs were obtained on day 1 after the surgery, at three-month follow up, and then every six months. Healing of the cyst was followed up by use of the radiographic Neer and Cole four-grade rating system 5, 6 . According to this system, grade I is defined as complete obliteration of the cyst, grade II as bone filling but with the presence of some opaque areas, grade III as visible lucent and multi-locular areas, and grade IV as postoperative signs being unchanged 5 . Grades I and II were considered as cyst healing.
Limitations of the study were the lack of cyst analysis against previous methods of treatment and of complication analysis, and exclusion of patients treated by other methods of treatment (drainage procedures using Kirschner wires, titanium elastic nail or cannulated screws).
Results
The study included 93 (72.1%) boys and 36 (27.9%) girls treated during 8-year period (from January 2006 to January 2014). The mean age of study patients was 11.07 (range, 7-17) years. The majority of our patients were aged >8 years (79.8%) and had their long bones affected (89.1%). The patients were divided into three groups according to treatment options, as follows: 65 (50.4%) patients treated with intracystic MPA injec-tion (group 1); 40 (31%) patients treated with curettage and autologous bone grafting (group 2); and 24 (18.6%) patients treated with osteoinductive procedure using DBM (group 3).
According to the method of treatment, statistical significance was found for the site of affection, length of the cyst, presentation of pathologic fracture before treatment initiation and complication rate (Table 1) .
Also, we found statistically significant differences in cyst healing and length of hospital stay between the intracystic MPA injection group (group 1) and curettage and autologous bone grafting group (group 2), as illustrated in Table 1 . The same variables yielded significant differences between the curettage and autologous bone grafting group (group 2) and osteoinductive procedure using DBM group (group 3). Table 2 shows a statistically significant correlation between healing of the cyst and length of hospital stay according to treatment options. The length of hospital stay was shortest in patients treated by MPA injection *p<0.05 (two-sided); a significant differences between intracystic steroid injection group and curretage and bone grafting group; b significant differences between intracystic steroid injection group and osteoinductive procedure using demineralized bone matrix group; c significant differences between curretage and bone grafting group and osteoinductive procedure using demineralized bone matrix group. Fig. 1 . Results of treatment using Scaglietti procedure (before treatment, 6 months and 12 months after treatment) (A, B, C) . Fig. 2 . Results of treatment using curettage and bone grafting (before treatment, after surgery and 12-month follow up) (A, B, C) .
into the cyst (group 1), while the period of cyst healing was shortest in patients treated by osteoinductive procedure (group 3). However, the latter had the longest duration of hospital treatment. Considering correlation coefficient (R-value), there was no correlation between independent values (R=0.78). Also, correlation coefficient (R 2 ) explained that 61% of all study variables could correlate with treatment options, and overall p-value indicated statistical significance of the parameters observed (p<0.001) ( Table 2 ).
Discussion
The etiology and pathogenesis of UBC remain unclear. The most common hypothesis includes increasing intracystic pressure caused by venous obstruction in combination with the release of lytic enzymes (prostaglandin E2 and interleukin 1β) produced by the cyst membrane 2, 7, 8 .
Treatment options for UBC are various, from percutaneous to open methods of treatment. Intracystic corticosteroid injections according to Scaglietti et al. reduce prostaglandin E2 production 4 . Canavese et al. point to the importance of cystic membrane destruction, which leads to healing of the cyst 9 . Sakamoto et al. report on the healing effect of cyst curettage 10 . Open curettage in combination with bone grafting is still widely used 5, 11 . Also widely used is DBM injection to stimulate bone production, but this technique has no effect on the cyst membrane [12] [13] [14] . All these methods of treatment are associated with cyst recurrence, partial healing or healing with residual lesions 6, [15] [16] [17] [18] [19] .
In our study, we compared three methods of treatment, i.e. minimally invasive Scaglietti procedure (group 1), curettage and autologous bone grafting (group 2) and osteoinductive procedure using DBM (group 3). Group 1 (Scaglietti procedure) was associated with a minimal risk of intraoperative or perioperative complications (no complications), short hospital stay (3.23 days) and treatment of small cysts (<5 cm long) of long bones. The mean time of cyst healing according to Neer and Cole (grades I and II) for Scaglietti procedure was 29.78 months, which was statistically significantly different from osteoinductive procedure using DBM (19.25 months) . The majority of bone cysts with presentation of pathologic fractures were treated using DBM implantation procedure (41.7%), which was statistically significantly different from Scaglietti and bone grafting groups. Considering the length of hospital stay expressed in days, we found statistically significantly different results for the treatment options used in the study. In the group of patients undergoing Scaglietti procedure (group 1), the mean hospital stay was 3.23 days, as compared with surgically treated patients (groups 2 and 3), where the length of hospital stay was 9.40 and 9.92 days, respectively.
Hou A, B) . group 3 and 3.7 months in group 4 15 . Comparing the results of this study with ours we found similar final outcome concerning healing period in our group of patients treated by use of Scaglietti procedure (29.78 months), but much longer healing period in patients treated by curettage and bone grafting (20.22 months) and those undergoing curettage and DBM implantation (19.25 months). However, compared to our study, limitations in the study by Hou et al. 15 were a small number of participants (40 vs. 129 patients) and short follow up period (18-84 months vs. 30-240 months).
The study by Donaldson and Wright evaluated healing period in the treatment of UBC in 37 patients. The mean patient age was 17.2±3.2 years and they were followed up for 7.0±1.0 years. The authors compared healing period and complication rate in patients treated with open curettage and bone grafting and patients treated using curettage, bone grafting and intramedullary fixation. Restoration was fast in both groups, i.e. within 3 months of treatment, but patients with intramedullary fixation completed functional recovery faster, especially in association to previous pathologic fractured bones. The complication rate was 21.6% (8/37) for all participants and they included mild bone deformities (7/37) and malunion (1/37) 20 .
Conclusion
This study compared the minimally invasive procedure and open surgery using bone grafting or DBM. Open surgery procedure using curettage of intracystic membrane and implantation of bone graft or DBM were the most reliable procedures in the treatment of UBC. We believe that complete healing of UBC can only be achieved using open surgery, thus additionally preventing the possible risk of residual lesions and fractures during skeletal maturation. The minimally invasive method using MPA intracystic instillation is associated with short hospital stay, less intra-hospital costs and complications but also has long healing period correlated to activity restriction and second surgery. Thus, MPA intracystic instillation can be considered a good option for initial treatment of long bone UBC.
